Acute myocardial infarction (AMI) and sudden cardiac death (SCD) are among the most serious and catastrophic of acute cardiac disorders, accounting for hundreds of thousands of deaths each year worldwide. Although the incidence of AMI has been decreasing in the US according to the American Heart Association, heart disease is still the leading cause of mortality in adults. In most cases of AMI and in a majority of cases of SCD, the underlying pathology is acute intraluminal coronary thrombus formation within an epicardial coronary artery leading to total or near-total acute coronary occlusion. This article summarizes our current understanding of the pathophysiology of these acute coronary syndromes and briefly discusses new approaches currently being researched in an attempt to define and ultimately reduce their incidence.
Introduction
AMI and SCD are among the most serious and catastrophic of acute cardiac disorders, accounting for hundreds of thousands of deaths each year worldwide. Although the incidence of AMI has been decreasing in the US according to the American Heart Association, heart disease is still the leading cause of mortality in adults [1] . In most cases of AMI and in a majority of cases of SCD, the underlying pathology is acute intraluminal coronary thrombus formation within an epicardial coronary artery leading to total or near total acute coronary occlusion [2] . This article summarizes our current understanding of the pathophysiology of these acute coronary syndromes and briefly discusses new approaches currently being researched in an attempt to define and ultimately reduce their incidence.
AMI is usually defined as myocardial necrosis in the setting of clinical evidence consistent with its diagnosis. This clinical evidence includes the patient's symptoms, acute electrocardiograph (ECG) findings, or other evidence indicating a new wall motion abnormality in a segment of the myocardium [3] . Myocardial infarction is caused by an acute imbalance in the ratio of myocardial blood supply to myocardial oxygen demand in the heart. In the case of an acute coronary thrombosis, there is an acute drop in blood flow, leading to myocardial necrosis in the myocardial segment supplied by the coronary artery in question. Sudden cardiac death describes the unexpected natural death from a cardiac cause within a short time period, generally not more than 1 hour from the onset of symptoms, in a person without any prior condition that would appear fatal [4] . SCD is usually secondary to a fatal arrhythmia such as ventricular fibrillation, which is a direct result of the coronary thrombosis lowering the threshold for the onset of this arrhythmia.
Coronary pathophysiology
The underlying pathophysiologic mechanisms for these syndromes begin with the process of atherosclerosis, which develops and progresses for decades prior to the acute event. Atherosclerosis can be described as a lowgrade inflammatory state of the intima (inner lining) of medium-sized arteries that is accelerated by the wellknown risk factors such as high blood pressure, high cholesterol, smoking, diabetes, and genetics. In the case of coronary atherosclerosis, this slow progression leads to the gradual thickening of the inner layer of the coronary arteries, which may over time narrow the lumen of the artery to various degrees. Atherosclerosis leading to the acute syndromes of AMI and SCD has a predilection for the proximal segments of the major coronary arteries often at arterial bifurcation points that alter flow in the artery [5] . This slow atherosclerotic progression may be interrupted by one or more cycles of rapid progression related to one of two processes: either asymptomatic plaque disruption with formation of a non-occlusive intraluminal thrombus or plaque hemorrhage (Figure 1 ).
Asymptomatic plaque disruption
An atherosclerotic plaque is composed of inflammatory cells, cellular debris, smooth muscle cells (SMCs), and varied amounts of cholesterol and cholesterol ester, some of which is in the form of cholesterol crystals. This lipid core forms in some plaques under a fibrous cap composed of collagen, SMCs, and elastin. The cap is covered on its luminal side by a single layer of endothelial cells as is the inner layer of all arteries within the body. An abundance of inflammatory cells derived foam cells originating from circulating monocytes migrate into the arterial wall and may weaken and thin out the fibrous cap. These plaques are termed thin-capped fibroatheromas (or TCFAs for short) ( Figure 2 ). These processes can ultimately result in a tear in the cap, exposing the thrombogenic lipid core under the cap to the flowing blood, leading to the formation of an intraluminal coronary thrombus. Depending on several factors, including the plaque composition, plaque volume and the degree of luminal narrowing, size of the cap tear, and the thrombotic milieu (a complicated interaction of different forces that ultimately determine how prothrombotic the blood is), the thrombus that forms may either lyse spontaneously, remain, and subsequently be incorporated into the wall of the artery (further narrowing the lumen) or grow and progress to total or near coronary occlusion and a symptomatic acute coronary event [6] . Based on pathologic evaluation of patients with SCD, there are often several bouts of asymptomatic coronary thrombus that have been incorporated into the arterial wall prior to the final fatal event [7] .
Plaque erosion is another cause for intraluminal coronary thrombus formation. In this condition, the thrombus forms on a defect in the endothelial layer covering a plaque. These plaques may or may not be inflamed, and the cap is not usually thin. Here, the prothrombotic milieu is felt to be very important in the process, and plaque erosions are common in smokers and in women less than 50 years of age [8] . At present, it is not known how frequently this process occurs asymptomatically. Most of the data on plaque erosion are derived from patients with a symptomatic acute coronary event.
Plaque hemorrhage
As the intima of an artery thickens, it must be nourished by an adequate blood supply. This blood supply or vasa vasorum usually grows from the adventitia or outer layer of the artery into the media and intima supplying needed nutrients. These blood vessels are thin-walled, and their endothelial integrity is not always completely intact. Rupture of these vessels into the intima may acutely enlarge the size of the plaque by the deposition of blood. Furthermore, the red cell membrane is lipid-rich, and hemorrhage can also increase the lipid and inflammatory cell content within the plaque [9] .
Thus, slow progression intermixed with cycles of rapid progression leads to plaque growth. However, as the plaque grows, the lumen of the artery does not necessarily narrow. The arterial wall remodels, and the lumen does not begin to narrow until the plaque volume approaches 40% [10] . This phenomenon, called Glagovian or positive remodeling, is in part responsible for the angiographic finding that plaques ultimately responsible for acute coronary events are often non-obstructive (<50% diameter stenosis) in the weeks to month prior to the event [11] . The angiogram visualizes the inside of the artery but cannot evaluate the arterial wall. Whereas the plaque ultimately responsible for the acute event (usually termed vulnerable or high-risk plaques) may be large and bulky, the lumen may look normal or only mildly narrowed on the angiogram because of this remodeling process.
Symptomatic coronary occlusion
Symptomatic coronary occlusion is caused in most cases by intraluminal coronary thrombus formation. Based on post-mortem pathologic evaluation of patients with a fatal coronary thrombosis, plaque rupture is present in about 66% to 75% of cases [12] . Angiograms performed within 4 hours of the onset of AMI symptoms in patients presenting with ST segment elevation on their ECG have shown total occlusion of the coronary artery in 84% of cases, and the remaining cases demonstrated a near total occlusion but with some flow to the distal vessel [13] . The thrombus that forms in many cases is older than the clinical presentation of the AMI. When thrombus was extracted from the responsible coronary at the acute presentation during percutaneous coronary intervention (<12 hours after the onset of symptoms), in about 50% of cases the thrombus that was removed was partially organized, indicating that it formed prior to the onset of symptoms [14] .
The underlying pathophysiology of AMI appears to be slightly different when analyzed in the living patient and also depends on the type of AMI. From a clinical standpoint, one divides AMI based on the ECG into ST elevation myocardial infarction (STEMI) and non-ST elevation myocardial infarction (NSTEMI). STEMI in general nearly always presents with total coronary occlusion (see above), and the degree of myocardial necrosis (or the myocardium at risk of necrosis) is larger than in NSTEMI. NSTEMI has a lower incidence of total coronary occlusion, but if the artery lumen is not totally obstructed, it usually demonstrates a severe blockage (>70% diameter stenosis) in one or more arteries most often with an intraluminal coronary thrombus. During evaluations by intracoronary devices at the time of acute presentation to the catheterization laboratory for coronary intervention, differences have been reported between STEMI and NSTEMI in pathophysiology. When ocular coherence tomography was used to evaluate intraluminal pathology, plaque rupture was seen in 72% of STEMI and 32% of NSTEMI and plaque erosion in 28% of STEMI and 48% of NSTEMI. In the remaining NSTEMI cases, a calcified nodule was thought to be the cause [15] . Calcified nodules are found infrequently (<10%) as the underlying mechanism in fatal coronary thrombus at post-mortem examination. Another intraluminal catheter device that can be used during the acute presentation of AMI that detects the presence of lipidrich plaque has also been studied in patients presenting with STEMI. In 20 patients with an acute coronary occlusion, this catheter found intense yellow plaques (a signal for plaque lipid) in 19 of 20 cases [16] .
In search of the vulnerable plaque or patient
If the thrombosed plaque is the immediate cause of most acute coronary events, can one find that plaque that is likely to progress in the future and cause the event? This is the so-called vulnerable or high-risk plaque. As most are non-obstructive and asymptomatic in the weeks prior to the event, relying on symptomatology alone is not useful. However, there is a difference of opinion in the literature as to the best and most cost-effective methods to prevent future acute coronary events. Should one attempt to locate the responsible plaque or concentrate on the high-risk or vulnerable patient likely to develop the acute clinical event?
For vulnerable plaque detection, one would need to find a device, either invasive or (preferably) non-invasive, that could detect the vulnerable plaque. This would necessitate knowing the natural history of such plaques and being able to show that intervening on a presumed vulnerable plaque by some approach such as a stent was safer and more cost-effective than the best medical therapy alone [17] . At present, this is unknown. We still do not know the natural history of a presumed vulnerable plaque, and a plaque that looks vulnerable on an initial evaluation may change at some later point and appear stabilized. However, ongoing studies are trying to address this question. One concern with an invasive methodology is the fact that all of the detectors are concentrating on finding the responsible TCFA but do not consider the plaque erosion which is not an infrequent cause of AMI or SCD. Furthermore, if the detector is invasive, what about individuals in whom the first presentation of symptomatic coronary disease is AMI or SCD? In the Framingham study, 53% of men and 36% of women presented with either AMI or SCD [18] . Non-invasive detectors of a vulnerable plaque are, in our estimation, inadequate and will require additional prospective evaluation.
If vulnerable plaque detection and therapy are challenging, should we concentrate our efforts on the high-risk or vulnerable patient? The answer is probably yes, but similar to the above, this can be difficult, particularly in primary prevention. While patients with known coronary artery disease (CAD) or a CAD equivalent such as diabetes or peripheral artery disease should be treated with guideline-directed medical therapies, how do we identify most of the patients who will ultimately develop AMI or SCD. Traditional risk factor scores are inadequate because, while those at highest risk are more likely to develop adverse events, most adverse events on followup do not occur in these patients but in the middle-or lower-risk populations, which are much larger in numbers than the high-risk [19, 20] . Various studies assessing different methods of risk evaluation in primary prevention, such as the presence and extent of coronary calcium by computed tomography scanning, intimalmedial thickness of the carotid artery, and iliofemoral atherosclerosis by ultrasound, are attempting to identify that subgroup who might require intensive medical management to reduce subsequent risk. These are ongoing, and results are not yet available [21, 22] .
In conclusion, our understanding of these acute coronary syndromes has matured over the last 30 years as outlined above. Nevertheless, our methods for detecting and identifying most patients or plaques likely to progress to these syndromes in the future are still inadequate and require further study. It is exciting to speculate, given our past successes, what the next 30 years will reveal.
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